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ARTICLE INFO ABSTRACT

Keywords: Background: In December 2019, a novel coronavirus, SARS-CoV-2 caused a series of acute atypical respiratory
Forsythia honeysuckle (Lianhuaqingwen,LH) diseases worldwide. However, there is still a lack of drugs with clear curative effects, and the clinical trial research
capsules of vaccines has not been completely finished.

COVID-19

SARS-CoV-2 Purpose: LH capsules are approved TCM patent medicine that are widely used for the treatment of respiratory
Cytokine storm syndrome (CSS) tract infectious diseases caused by colds and flu. On April 12, 2020, LH capsules and granules were officially
3C-like protease (3CLP™) repurposed by the China Food and Drug Administration (CFDA) for patients with mild COVID-19 based on their

safety and efficacy demonstrated through multicentre, randomized, controlled clinical trials. We hope to conduct
a comprehensive review of it through modern pharmacy methods, and try to explain its possible mechanism.

Methods: Using the full names of LH capsules Lianhuaqingwen, Lianhua Qingwen andSARS-COV-2, COVID-19
as the keywords of the search terms, systemically search for existing related papers in various databases such
as Web of Science and PubMed. And completed the collection of clinical data in ClinicalTrials.gov and Chinese
Clinical Trial Registry. Last but not least, we have sorted out the anti-inflammatory and antiviral mechanisms of
LH capsules through literature and Selleck.

Results: This review systematically sorted out the active ingredients in LH capsules. Furthermore, the related
pharmacological and clinical trials of LH capsule on SARS-CoV-2, IAV and IBV were discussed in detail. Moreover,
the present review provides the first summary of the potential molecular mechanism of specific substances in LH
capsules involved in resistance to SARS-COV-2 infection and the inhibition of cytokine storm syndrome (CSS)
caused by IL-6.

Conclusion: This review summarizes the available reports and evidence that support the use of LH capsules
as potential drug candidates for the prevention and treatment of COVID-19. However, TCM exerts its effects
through multiple targets and multiple pathways, and LH capsules are not an exception. Therefore, the relevant
mechanisms need to be further improved and experimentally verified.

Abbreviations: 3CLP™, 3C-like protease; CCsy, 50% Cytotoxic concentration; ICsy, 50% Inhibition concentration; LDg,, 50% Lethal dose; MLDg,, 50% Minimum
lethal dose; TCIDsg,, 50% Tissue culture infective dose; AIDS, Acquired immune deficiency syndrome; AECOPD, Acute exacerbation of chronic obstructive pulmonary
disease; ARDS, Acute respiratory distress syndrome; Vero E6, African Green Monkey Kidney Epithelial-6; ACE2, Angiotensin-converting enzyme 2; AQP3, Aquaporins
3; CCL-2/MCP-1, C-C motif ligand 2/monocyte chemoattractant protein-1; CFDA, China Food and Drug Administration; COPD, Chronic obstructive pulmonary
disease; CT, Computed tomography; CAT, COPD assessment test; COVID-19, Coronavirus disease 2019; CXCL-10/IP-10, C-X-C Motif Chemokine Ligand 10/ Interferon
Gamma-induced Protein 10; CSS, Cytokine storm syndrome; CPE, Cytopathic effect; DMSO, Dimethyl sulfoxide; E protein, Envelope protein; ERK, Extracellular signal-
regulated kinase; FBS, Fatal bovine serum; LH capsules, Forsythia honeysuckle (Lianhuagingwen) capsules; gp-130, Glycoprotein 130; Grb2, Growth factor receptor-
bound protein 2; TD, Half-toxic dose; HVJ, Hemagglutinating virus of Japan; HSV-1, Herpes simplex virus type 1; HPLC, High-performance liquid chromatography;
Hep-2, Human epithelial type 2; Huh-7, Human Hepatocellular Carcinoma-7; HIV, Human immunodeficiency virus; IL-6R, IL-6 Receptor; IAV, Influenza A virus; IBV,
Influenza B virus; IP-10, Interferon-inducible protein-10; IFN-A1, Interferon-11; IL-6, Interleukin-6; IL-8, Interleukin-8; JAK/STAT, Janus kinase/signal transducers
and activators of transcription; JAK1/2, Janus kinasel/2; MIP-14, Macrophage Inflammatory Protein-1p; MDCK, Madin-darby canine kidney; mTOR, Mammalian
target of rapamycin; M protein, Membrane protein; mIL-6R, Membrane-bound form IL-6 Receptor; MTT, Methyl Thiazolyl Tetrazolium; MERS, Middle east respiratory
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C. Liang, N. Hui, Y. Liu et al.
1. Introduction

In December 2019, a novel coronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), caused a series of acute atypical
respiratory diseases in Wuhan, Hubei Province, China (Chan et al.,
2020). The disease was termed coronavirus disease 2019 (COVID-19)
by the World Health Organization (WHO). The clinical symptoms of
COVID-19 include fever, fatigue, and dry cough, and some patients
also experience nasal congestion, runny nose, inappetence, diarrhoea
and pneumonia on computed tomography (CT) (Huang et al., 2020;
Wang et al., 2020a). Some severe cases can rapidly develop into acute
respiratory distress syndrome (ARDS), refractory metabolic acidosis,
septic shock, and coagulation dysfunction (clinical features of patients
infected with 2019 novel coronavirus in Wuhan). COVID-19 has
spread more rapidly than severe acute respiratory syndrome (SARS)
and Middle East respiratory syndrome (MERS) (Park et al., 2020;
Vellingiri et al., 2020). Specifically, COVID-19 has spread to more than
200 countries across the world and has claimed more than 1014,152
human lives as of October 1, 2020. Unfortunately, there is currently no
vaccine or antiviral treatment for patients with suspected or confirmed
COVID-19 (Amin and Jha, 2020; Kouznetsov, 2020; Shang et al., 2020;
Shi et al., 2020). The drugs that are clinically used include remdesivir,
abidol, and RNA synthesis hormones (Chu et al., 2004; Liu et al., 2020a;
Lu, 2020; Zheng et al., 2020), but the efficacy and safety of these drugs
still need further clinical confirmation. With respect to vaccines, 30
vaccine candidates have been reported to the WHO and are in the
clinical phase, but only six vaccines have entered the III clinical phase
as of August 20, 2020 (Florindo et al., 2020). However, the in vivo
effectiveness and side effects of these vaccines and chemical candidates
need further evaluation (Ejemel et al., 2020).

Based on experience regarding the prevention and treatment of SARS
obtained during the related epidemic, the National Health Commission
(NHC) of the People’s Republic of China (PRC) recommended the TCM
LH capsules as an eligible pioneer treatment for COVID-19 (Del Valle
et al., 2020; Xu and Zhang, 2020). Retrospectively, the utilization of
this TCM alone or in combination with conventional treatment has ex-
hibited clinical effectiveness without increasing adverse drug reactions
(Liu et al., 2020b; Ye et al., 2020).

LH is a widely used herbal medicine formulation for treating colds
and flu in China that consists of 13 medicinal materials (Wang et al.,
2016; Wu et al., 2020b). LH can be administered as three different
forms, namely, tablets, capsules, and granules, and among these, cap-
sules are the most widely used form in clinical practice. These capsules
combine the medical erudition and philosophy of three well-known
traditional Chinese epidemic physicians spanning 1500 years of three
dynasties from Eastern Han to Ming and Qing. Ma Xing Shi Gan de-
coction, recorded in the Treatise on Febrile and Miscellaneous Disease
by Zhang Zhongjing, a medical sage during the Eastern Han Dynasty
(Wang et al., 2020c), is a famous prescription that has been particularly
used for the treatment of febrile infectious diseases over two thousand
years. The LH components ephedra, apricot, plaster and liquorice orig-
inate from the Ma Xing Shi Gan decoction. Additionally, another four
herbs in the prescription, namely, forsythia, liquorice, honeysuckle and
mint, are derived the Yin Qiao San formula, which is included in the
Treatise on Epidemic Febrile Disease written by Wu Tang, an outstanding
Chinese medicine expert during the Qing Dynasty. Moreover, according
to the famous literary work General Treatise on Plague written by the
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well-known physician Wu Youxing during the Ming Dynasty, LH also
includes rhubarb for the treatment of epidemic febrile plaques. Accord-
ing to TCM theory, the clinical symptoms of COVID-19 are linked to epi-
demic febrile diseases. Rhodiola, Radix isatidis, Dryopteris crassirhizoma,
Houttuynia cordata and patchouli have been added to the LH formula
based on evidence-based pharmacological and medical studies (Fig. 1).

Before the COVID-19 pandemic, LH capsules have been approved
for the repurposed treatment of many public health emergencies, such
as SARS, HIN1 and H3N2 influenza, and have exhibited significant ef-
fectiveness according to clinical statistics (Gao et al., 2020; Tao et al.,
2013). Recently, an analysis of the treatment of COVID-19 using LH
capsules indicated that these capsules can significantly relieve clinical
symptoms in patients with fever, weakness, and cough and reduce the
course of COVID-19 (Duan et al., 2011; Li et al., 2020a; Runfeng et al.,
2020). Based on their good clinical efficacy, LH capsules have been in-
cluded in the Diagnosis and Treatment Programs of 2019 New Coron-
avirus Pneumonia (from fourth to eighth editions) formulated by the
NHC of China. On April 12, 2020, LH capsules and granules were ap-
proved for the treatment of patients with mild and moderate COVID-19
(Khan et al., 2020).

2. Composition and manufacturing procedure

LH capsules are composed of 13 TCM, and thecomposition and
preparation process have been included in the Chinese Pharmacopoeia
(2015 edition). The formulation of every batch of 1000 capsules is
shown in Table 1, and the specific manufacturing process is shown in
Fig 2.

According to the above schematic diagram showing the manufactur-
ing flowchart of 13 medicinal materials, patchouli is added to boiled wa-
ter, the volatile oil is distilled and collected, and the water extract is fil-
tered and set aside. Forsythia, ephedra, Houttuynia cordata and rhubarb
are extracted twice with 70% ethanol, and the first and second extrac-
tions are performed for 2 and 1.5 h, respectively. The extracts are fil-
tered and combined, and the ethanol extract is recovered and set aside.
Honeysuckle plaster, Radix isatidis, Dryopteris crassirhizoma, liquorice,
and Rhodiola are boiled in water, and apricot is then added. The apri-
cot is decocted twice, and the first and second decoctions are performed
for 1.5 and 1 h, respectively. The decoction is filtered, and the filtrates
are combined. The aqueous solution obtained after patchouli oil extrac-
tion was added, and the resulting mixture was concentrated to a relative
density of 1.10~1.15 (60 °C). Ethanol was added to obtain an alcohol
content of 70%, and the mixture was refrigerated at 4 °C for 2 to 4 h
and filtered to recover the ethanol. Combined with the abovementioned
alcohol extracts of the four flavours, forsythia concentrated to a relative
density of 1.15~1.20 (60 °C) is spray dried and mixed with an appro-
priate amount of starch into granules, and the granules are then dried
and sieved. Subsequently, the sieved fine powder is separated from the
granules. The dissolved mint and patchouli volatile oil with an appro-
priate amount of ethanol are sprayed into a fine powder and mixed with
the abovementioned granules, and the capsule shells are then filled with
the mixture and sealed to obtain LH capsules.

3. Quality control (QC) and ingredient profile

The QC of the LH capsules is recorded in the Chinese Pharmacopoeia
(2015 edition), and this process includes thin-layer chromatography

syndrome; MAPK, Mitogen-activated protein kinase; MEK, Mitogen-activated protein kinase kinase; MCP-1, Monocyte chemotactic protein 1; MOF, Multifunctional
organ damage; MOI, Multiplicity of infection; NHC, National Health Commission; nsps, Non-structural proteins; TD,, Non-toxic Dose; NF-kB, Nuclear transcription
factor kappa-B; ORFs, Open reading frames; PLP™, Papain-like proteases; PRC, People’s Republic of China; PHN, Phillyrin; PBS, Phosphate buffered saline; PI3K,
Phosphoinositide 3-kinases; PKA/p-CREB, Protein kinase A /phosphorylated cAMP response element-binding protein; PKB, Akt, Protein kinase B; QC, Quality control;
qPCR, Quantitative PCR; Ras, Ras GTPase; RANTES, Regulated on activation normal T cell expressed and secreted; RSV, Respiratory syncytial virus; RT-PCR, Reverse

transcription PCR.
* Corresponding authors.
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Fig 1. Provenance of LH capsule prescriptions derived from the Treatise on Febrile and Miscellaneous Disease (A), China’s first clinical medicine monograph written by the medical sage Zhang Zhongjing in the Eastern
Han Dynasty (AD 25-220), the Treatise on Epidemic Febrile Disease (B) written by Wu Tang during the Qing Dynasty (AD 1798), and the General Treatise on Plague (C) written by Wu Youxing during the Ming Dynasty
(1642 AD).
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Table 1
Chinese herbal medicines in LH capsules.
No.  Medicine source Part Weight (g)
1 Forsythia suspensa (Thunb.) Vahl. Fruit 255
2 Lonicera japonica Thunb. Flower 255
3 Plaster / 255
4 Isatis indigotica Fortune ex Lindl. Root 255
5 Dryopteris crassirhizoma Nakai Rhizome and petiole residues 255
6 Houttuynia cordata Thunb. Aboveground parts 255
7 Ephedra sinica Stapf Stem 85
8 Armeniaca sibirica (L.) Lam. Seed 85
9 Pogostemon cablin (Blanco) Benth.  Aboveground parts 85
10 Rhodiola rosea L. Whole herb 85
11 Glycyrrhiza uralensis Fisch. Root 85
12 Rheum officinale Baill. Root and rhizome 51
13 Mentha haplocalyx Briq. Leaf and stem (menthol) 7.5
Recycle
Forsythia; Ephedra; 70 % ethanol | Extraction | 70 % ethanol _ | Extraction Filter ethanol Ethanol-free
Houttuynia cordata; 2h solution 1.5h solution Total filtrate
Rhubarb | hifrate
Concentrated to a
Recycle relative density of
— __cthanol Ethélnfl-free 1.15~1.20 (60 °C)
trate
Patchoul Water )
distillation . Ia{(eflfgfa;e Spray drying
. Extrac.tlon Filter 241, fter
solution =
Add ethanol, make
the alcohol content Add _Stamh >
reach 70 % mix up
Extraction Simmer in water | Extraction Filter
solution 1h solution Total Granulation,
e Volatile oil drving, sieving
from Ethanol
Simmer in Patchouli dissohutio P2y Fine powder
water, 1.5h n
Honeysuckle; Plaster; Mint Airtight for
Add Simmer in water Radix isatidis; 30 min
Apricot until boiling Dryopteris crassirhizoma; v
Licorice; Rhodiola Pt in
capsules

1000 LH capsules

Fig 2. Procedure used for the manufacturing of LH capsules.

(TLC) for characteristic identifications and high-performance liquid
chromatography (HPLC) for assessing the representative natural prod-
uct content. With respect to characteristic identification, LH capsules
are hard capsules filled with contain brownish yellow to yellowish
brown granules and powder. The capsules exhibit a slight fragrance
and bitterness. In the TLC detection, houttuynia cordata, rhubarb, and
liquorice are identified with control medicinal herbs. And honeysuckle,
ephedra, and mint are identified with chlorogenic acid, menthol and
ephedrine hydrochloride, respectively. To avoid the adulteration of wild
honeysuckle, macranthoidin B (CAS:136849-88-2) cannot be checked
by TLC. Moreover, the Chinese Pharmacopoeia stipulates that the con-
tent of phillyrin (12) in each capsule should not be less than 0.17 mg.
Finally, QC requires routine testing for capsules, which includes their
moisture, disintegration time limit, and difference in capacity.

LH capsules are composed of a variety of Chinese medicinal ma-
terials, and nearly 400 biologically active ingredients have been re-
ported. Weina Jia et al. established a fast ultrahigh-performance lig-
uid chromatography method that combines a diode-array detector and
quadrupole time-of-flight mass spectrometry (UPLC-DAD-QTOF-MS),
and 61 activities, including forsythoside A have been detected in LH cap-
sules(Jia et al., 2015). To clarify the chemical substance basis of LH cap-
sules, the manufacturer Beijing Yiling Pharmaceutical Co., Ltd. tested

the compounds in the total extract of LH capsules obtained with dif-
ferent proportions of ethanol aqueous solution. Among these, 18, 8, 20
compounds were sequentially separated and identified from 30%, 50%,
and 70% ethanol aqueous solution (Bi.D, 2018; Shen, 2019). Herein, we
detail the abovementioned compounds that have been separated and
structurally confirmed and provide a list of the medicinal weights in
the capsules in Table 2 in descending order of weight. Their structures
are shown in Fig 3, and the active ingredients Forsythia, honeysuckle,
liquorice and rhubarb are fully described.

Forsythia is one of the main components of LH capsules. Forsythia
fruit is widely used as a TCM and contains a wide range of active ingre-
dients that exert anti-inflammatory, antibacterial, antiviral, anticancer
and other pharmacological effects (Chen et al., 1999; Han et al., 2012;
Hao et al., 2010; Ko et al., 2005). As detailed in the Chinese Phar-
macopoeia (2015 edition), TCM preparations containing forsythia are
mainly used for reducing fever and detoxification (Wang et al., 2018).
Compounds 1-16 originate from forsythia. The characteristic compo-
nents derived from forsythia that have been identified in LH capsules
mainly include phenylethanol glycosides, lignans and flavonoids. Lig-
nans are typical representatives of forsythia. (+)-Pinoresinol (4) and
phillyrin (PHN,12), two furan lignans, were isolated in 1977, and 12
is one of the specific components of forsythia (Shi et al., 2009). More
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Table 2

Active substances of LH capsules.

Phytomedicine Plus 1 (2021) 100027

No. Compound name CAS code Chemical formula Source

1 Cornoside 40,661-45-8 Ci4Hy0g Forsythia suspensa (Thunb.) Vahl

2 Rengynic acid-1’-0-p-p-glucoside / Ci4H,309 Forsythia suspensa (Thunb.) Vahl

3 Quercetin 117-39-5 Ci5H1004 Forsythia suspensa (Thunb.) Vahl; Lonicera
japonica Thunb.; Houttuynia cordata Thunb.;
Ephedra sinica Stapf;
Pogostemon cablin (Blanco) Benth.; Glycyrrhiza
uralensis Fisch.

4 (+)-Pinoresinol 487-36-5 CyoH5,06 Forsythia suspensa (Thunb.) Vahl

5 (+)-Epipinoresinol 24,404-50-0 CyoHp, 06 Forsythia suspensa (Thunb.) Vahl

6 Forsythoside E 93,675-88-8 CyoH3004, Forsythia suspensa (Thunb.) Vahl

7 Quercitrin 522-12-3 Cy1Hy0044 Forsythia suspensa (Thunb.) Vahl; Houttuynia
cordata Thunb.

8 Hyperoside 482-36-0 Cy1Hy04, Forsythia suspensa (Thunb.) Vahl; Houttuynia
cordata Thunb.

9 (+)-Pinoresinol-p-p-glucoside 69,251-96-3 Cy6H3,04; Forsythia suspensa (Thunb.) Vahl

10 Rutin 153-18-4 C,7H3004¢ Forsythia suspensa (Thunb.) Vahl

11 Arctiin 20,362-31-6 Cy7H34044 Forsythia suspensa (Thunb.) Vahl

12 Phillyrin 487-41-2 Cy;H3404; Forsythia suspensa (Thunb.) Vahl

13 Forsythoside A 79,916-77-1 Cy9H36045 Forsythia suspensa (Thunb.) Vahl

14 Forsythoside 1 1,177,581-50-8 CyoH36045 Forsythia suspensa (Thunb.) Vahl

15 Forsythoside H 1,178,974-85-0 Cy9H36045 Forsythia suspensa (Thunb.) Vahl

16 Suspensaside 84,213-44-5 Cy9H3604¢ Forsythia suspensa (Thunb.) Vahl

17 Protocatechualdehyde 139-85-5 C;Hg04 Lonicera japonica Thunb.

18 Quinic acid 77-95-2 C;H,,04 Lonicera japonica Thunb.

19 Ethyl caffeate 102-37-4 Ci1H04 Lonicera japonica Thunb.

20 Kaempferol 520-18-3 Ci5sHy0¢ Lonicera japonica Thunb.;
Dryopteris crassirhizoma Nakai; Houttuynia
cordata Thunb.;

Ephedra sinica Stapf;
Glycyrrhiza uralensis Fisch.

21 Chlorogenic acid 327-97-9 Ci6H1g0g Lonicera japonica Thunb.

22 Neochlorogenic acid 906-33-2 Ci6H1509 Lonicera japonica Thunb.

23 Cryptochlorogenic acid 905-99-7 Ci6H1309 Lonicera japonica Thunb.

24 Loganic acid 22,255-40-9 Ci6H24019 Lonicera japonica Thunb.

25 Sweroside 14,215-86-2 Ci6Hy,09 Lonicera japonica Thunb.

26 Tricin 520-32-1 Ci7H1404 Lonicera japonica Thunb.

27 7-Epi-vogeloside 118,627-52-4 Ci7H24049 Lonicera japonica Thunb.

28 Secoxyloganin 58,822-47-2 Ci7H4044 Lonicera japonica Thunb.

29 Vogeloside 60,077-47-6 Ci7H,4049 Lonicera japonica Thunb.

30 Loganin 18,524-94-2 C17H26049 Lonicera japonica Thunb.

31 3,5-Dicaffeoylquinic acid 2450-53-5 Cy5Hy404, Lonicera japonica Thunb.

32 3,4-Dicaffeoylquinic acid 14,534-61-3 Cy5H,404, Lonicera japonica Thunb.

33 Kaempferol-3-O-rutinoside 17,650-84-9 Cy7H30045 Lonicera japonica Thunb.

34 Hesperidin 520-26-3 CysH34045 Isatis indigotica Fortune ex Lindl.

35 Liriodendrin 96,038-87-8 C34Hy6045 Isatis indigotica Fortune ex Lindl.

36 Gallic acid 149-91-7 C;HgO5 Houttuynia cordata Thunb.

37 Cepharanone B 53,948-09-7 Cy7H3NO; Houttuynia cordata Thunb.

38 4,5-Dioxodehydroasimilobine 82,644-81-3 Ci7H1NOy Houttuynia cordata Thunb.

39 Ephedrine hydrochloride 50-98-6 CioH;6CINO Ephedra sinica Stapf

40 Citric acid 77-92-9 CgHgO- Armeniaca sibirica (L.) Lam.

41 (2S)-Sambunigrin 99-19-4 Ci4H{7NOg Armeniaca sibirica (L.) Lam.

42 Amygdalin 29,883-15-6 CyoH,;NO Armeniaca sibirica (L.) Lam.

43 (E)-Ethyl 3-(4-hydroxyphenyl) acrylate 7362-39-2 C;1H1,03 Rhodiola rosea L.

44 Salidroside 10,338-51-9 Ci4Hy004 Rhodiola rosea L.

45 Rhodiosin 86,831-54-1 C,7H3004¢ Rhodiola rosea L.

46 Isoliquiritigenin 961-29-5 CisH ;04 Glycyrrhiza uralensis Fisch.

47 Liquiritigenin 578-86-9 Ci5Hi,04 Glycyrrhiza uralensis Fisch.

48 Naringenin 480-41-1 CisHp05 Glycyrrhiza uralensis Fisch.

49 Formononetin 485-72-3 CiH1204 Glycyrrhiza uralensis Fisch.

50 Glycycoumarin 94,805-82-0 Cy1Hy006 Glycyrrhiza uralensis Fisch.

51 Liquiritin 551-15-5 Cy1Hy0g Glycyrrhiza uralensis Fisch.

52 Isoliquiritin 5041-81-6 C,1H,,04 Glycyrrhiza uralensis Fisch.

53 Ononin 486-62-4 Cy,Hy, 04 Glycyrrhiza uralensis Fisch.

54 Liquiritin apioside 199,796-12-8 Cy6H30045 Glycyrrhiza uralensis Fisch.

55 Isoliquiritin apioside 120,926-46-7 Cy6H30045 Glycyrrhiza uralensis Fisch.

56 Liguiritigenin-7-0-D-apiosyl-4’-0-D- 199,796-12-8 Cy6H30045 Glycyrrhiza uralensis Fisch.

glucoside

57 Liquorice saponin E2 119,417-96-8 C4pHgo046 Glycyrrhiza uralensis Fisch.

58 Glycyrrhizic acid 1405-86-3 C4,Hg,046 Glycyrrhiza uralensis Fisch.

59 Liquorice saponin B2 118,536-86-0 C4Hps045 Glycyrrhiza uralensis Fisch.

60 Liquorice saponin H2 118,441-85-3 C4Hgy046 Glycyrrhiza uralensis Fisch.

61 Liquorice saponin K2 135,815-61-1 C4,Hg,046 Glycyrrhiza uralensis Fisch.

62 Liquorice saponin G2 118,441-84-2 C4Hg,047 Glycyrrhiza uralensis Fisch.

63 22p-Acetoxyglycyrrhizin 938,042-17-2 Cu4Hg4045 Glycyrrhiza uralensis Fisch.

(continued on next page)
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No. Compound name CAS code Chemical formula Source

64 Chrysophanol 481-74-3 Ci5H004 Rheum officinale Baill.
65 Emodin 518-82-1 Cy5Hyg0s Rheum officinale Baill.
66 Aloe emodin 481-72-1 CisHy05 Rheum officinale Baill.
67 Rhein 478-43-3 C;5HgOg Rheum officinale Baill.
68 Citreorosein 481-73-2 Cy5H90g Rheum officinale Baill.
69 Polydatin 65,914-17-2 CyoHy309 Rheum officinale Baill.
70 Chrysophanol 1-glucoside 4839-60-5 Cy1Hy0g Rheum officinale Baill.
71 Emodin-8-glucoside 23,313-21-5 Cy1Hy049 Rheum officinale Baill.
72 Aloe-emodin-8-0-p-D-glucopyranoside ~ 33,037-46-6 C51Hy04p Rheum officinale Baill.
73 Physcion-8-0-p-D-glucopyranoside 26,296-54-8 C,,H,,049 Rheum officinale Baill.
74 Menthol 1,181,819-05-5 CioH00 Mentha haplocalyx Briq.

recently, (+)-pinoresinol (5), (+)-pinoresinol-g-D-glucoside (9), and arc-
tiin (11) were also isolated from forsythia. Forsythoside E (6), forsytho-
side A (13) and their isomers forsythoside I (14) and forsythoside H
(15) are all phenethanol glycosides; 13 was the first of these compounds
isolated from forsythia in 1982 (Wang et al., 2018). The other four
flavonoids from forsythia are quercetin (3), quercitrin (7), hyperoside
(8), and rutin (10). Compound 10 can also be isolated from forsythia
flowers, and 3 in LH capsules can additionally be derived from honey-
suckle, Houttuynia cordata, ephedra, liquorice and patchouli (Jiang et al.,
2011; Zhang et al., 2015a).

Compounds 17-33 originate from honeysuckle, which is often clin-
ically used to fight inflammation (Yang et al., 2019). Its main active in-
gredients are phenolic acids and flavonoids (Peng et al., 2005). Chloro-
genic acid (21), a bitter substance formed by caffeic acid and quinic
acid, is a representative substance of honeysuckle and can also be found
in Eucommia, tea and coffee (Jung et al., 2014; Yang et al., 2020b;
Zhang et al., 2008). Due to its anti-inflammatory, antioxidant, and an-
tiviral activities, 21 exerts protective effects on myocarditis, cerebral is-
chaemia, hypertension, and liver damage (Lee et al., 2012; Zhao et al.,
2012), and its anticancer and gastric protective effects have also been
confirmed in recent years (Cristians et al., 2013; Hou et al., 2017;
Lee et al., 2017; Liu et al., 2013; Xu et al., 2013; Xue et al., 2017).

Compounds 46-63 were isolated from liquorice. Structurally, these
compounds can be divided into triterpene saponins (57-62), flavonoids
(46-56, 63) and glycycoumarin (50). The most representative substance
is glycyrrhizic acid (58) (Fiore et al., 2004), which can prevent and treat
viral infections, immune deficiencies and malignant tumours induced
by various causes (Baltina et al., 2009; Bentz et al., 2019; Matsumoto
et al., 2013). Studies have shown that 58 and its monoammonium salt-
glycyrrhizin amide can inhibit the replication of several DNA and RNA
viruses, including vaccinia virus (Baba and Shigeta, 1987; Pompei et al.,
1979), and these compounds are also effective inhibitors of herpes sim-
plex virus type 1 (HSV-1) (Utsunomiya et al., 1995). 58 and its monoam-
monium salt have been used externally to treat skin and oral infections
caused by HSV-1, and this compound is also effective against hepatitis A,
B and C viruses (Arase et al., 1997; Crance et al., 1994; Sato et al., 1996).
In addition, 58 is the main natural product used for the treatment of
patients with human immunodeficiency virus (HIV) (De Clercq, 2000).
Preliminary clinical studies have shown that the daily administration of
800-1600 mg of this compound to patients with acquired immune de-
ficiency syndrome (AIDS) will increase the number of T4 lymphocytes
in the patients’ body and reduce the number of pathogens (Ito et al.,
1988).

Fever is the main symptom of COVID-19 and an important indica-
tor for early screening. Rhubarb can promote the excretion of faeces
and thereby removes heat from the body. It has been reported that
Aloe emodin (66) and Rhein (67) might exert a laxative effect by di-
rectly acting on the colon (Gong et al., 2015; Takayama et al., 2012).
According to published reports, 67 plays a role in stimulating intesti-
nal smooth muscle M receptors and inhibiting the activity of Na+-K+-
ATPase in the intestinal cell membrane to prevent Na transport and
thereby promote defecation (Takayama et al., 2012). Additionally, 66

can increase both the intestinal water content and mucus secretion. Each
of these two compounds can promote the other’s effects (Yagi and Ya-
mauchi, 1999). The laxative effect of 65 is related to the nervous system
and induced indirectly (Chen et al., 2012; Xu et al., 2012). A previous
study showed that the laxative effect of 65 is related to upregulation of
the protein kinase A/phosphorylated cAMP response element-binding
protein (PKA/p-CREB) signalling pathway and increased expression of
aquaporin 3 (AQP3) (Zheng et al., 2014).

4. Safety and effectiveness of LH capsules

LH capsules have re-attracted attention due to their effectiveness
against COVID-19; specifically, these capsules can inhibit SARS-COV-
2 replication and regulate the secretion of inflammatory cytokines
(Li et al., 2020Db). Experiments using chicken embryos and cytotoxicity
assays have shown that LH capsules are safe, and modern pharmacolog-
ical studies have demonstrated that LH capsules exert a good inhibitory
effect on influenza A virus (IAV) and influenza B virus (IBV) (Ding et al.,
2017; Zhao et al., 2014). In addition, LH capsules can antagonize PM2.5-
induced lung oxidative damage in rats (Ping et al., 2016). Here, we com-
pile the anti-inflammatory and antiviral pharmacological studies related
to LH capsules.

4.1. Safety

4.1.1. Cytotoxicity assays

MDCK cells: Originator Beijing Yiling Pharmaceutical Co., Ltd., as-
sessed the cytotoxicity of LH capsules on Madin-Darby canine kidney
(MDCK) cells and human epithelial type 2 (Hep-2) cells. Using the
micro-cell culture method, a monolayer of MDCK cells was cultured
in a 96-well plate. In this experiment, the two-fold gradient dilution
method was used to dilute the LH capsules solution (11.48 mg/mL)
with cell maintenance solution, and the diluted solutions are added to
the cell culture wells. Each dilution was included in four wells, and
each well contained 100 uL. The cells were incubated for 3 to 4 days
at 37 °C under 5% CO,, and the results were observed. This analy-
sis revealed that the maximum nontoxic dose (TD,) of LH capsules
to MDCK cells was 0.72 mg/mL and that the half-toxic dose (TDs)
was 1.02 mg/mL.

In another cytotoxicity assay, Ding et al. seeded MDCK cells on 96-
well plates and cultured them at 37 °C in the presence of 5% CO, for
24 h(Ding et al., 2017). After the cells reached a confluence of 80-90%,
the medium containing different concentrations of LH capsules (0.625-
20 mg/mL, 100 uL/well) was aspirated, and the cells were incubated for
an additional 48 h at 37 °C. Approximately 20 uL of methyl thiazolyl
tetrazolium (MTT) at a concentration of 5 mg/mL was then added to
each well, and the cells were incubated for an additional 4 h at 37 °C.
The medium was subsequently removed, and the formazan crystals were
dissolved with dimethyl sulfoxide (DMSO) (100 uL/well). An analy-
sis of the results calculated the TDs, of LH capsules as 3.17 mg/mL.
The research group conducted similar experiments in related studies
on IBV and found that the TDs, of LH capsules to MDCK cells was
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4.0221+0.0471 mg/mL(Yang et al., 2020a). The coincubation of the
cells with the drug for 48 h at 37 °C in a humid atmosphere of 5% CO,,
revealed that the LH capsules exerted no obvious cytotoxic effect on
MDCK cells over a concentration range of 0.075-1.0 mg/mL.

Hep-2 cells: Beijing Yiling Pharmaceutical Co., Ltd., also assessed the
cytotoxicity of LH capsules to Hep-2 cells. In this experiment, a culture
of monolayer cells was first conducted. The culture solution was then
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poured out in the culture plate, and 100 uL of maintenance solution
was added to each well. Subsequently, 100 uL of each drug solution
was added to three wells in the first row, and the mixture was mixed
well. Subsequently, 100 uL was moved from the first row to the next
row, and this step was repeated until row 7. The wells in row 8 were
maintained as normal cell controls without drugs, and 100 uL of culture
medium was added to each well to obtain a total volume per well of
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Fig 3. Structure of the active substance of LH capsules (shown in Table 2).
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Fig 3. Continued

200 uL. The MDCK cells were then cultured under the same culture
conditions, and the results showed that the TD, and TDs, for Hep-2
cells were 1.56 mg/mL and 2.24 mg/mL, respectively.

Vero E6 and Huh-7 cells: Runfeng et al. evaluated the cytotoxic ef-
fect of LH capsules on African green monkey kidney epithelial-6 (Vero
E6) and human hepatocellular carcinoma-7 (Huh-7) cells using the MTT
assay (Runfeng et al., 2020). The Vero E6 and Huh-7 cells in a 96-well
plate were washed with phosphate buffered saline (PBS), incubated with
LH capsules at a concentration of 24 mg/mL for 72 h and stained with
0.5 mg/mL MTT solution for 4 h. The supernatant was removed, and the
formed formazan crystals were dissolved in 200 uL of DMSO. The exper-
iments were performed in triplicate. The researchers then measured the
absorbance at 490 nm and calculated the 50% cytotoxic concentration
(CCsq). At a high concentration of 600 yg/mL, LH capsules exhibited no
obvious cytotoxicity to these two cells.

4.1.2. Chicken embryo experiment

The maximum nontoxic dose of chicken embryos for LH capsules
was investigated (Li et al., 2014). Test drug solutions containing 1.00,
0.500, 0.250, 0.125, 0.0625, 0.0313, 0.0156, 0.00781, or 0.00390 g
of drug per millilitre were inoculated into 10-day-old SPF chicken em-
bryos, and each concentration was inoculated into five chicken embryo
(0.1 mL/embryo). The inoculated chicken embryos were then placed in
a 37 °C incubator for 96 h; those that died within 24 h were removed,
and the death of the chicken embryos was recorded. The test results
showed that the LH capsules at the above-listed concentrations exerted
no visually harmful effects on chicken embryos.

4.2. Antiviral effects

4.2.1. SARS-COV-2

Li et al. found that LH capsules can inhibit the replication of SARS-
COV-2 in Vero E6 cells (Li et al., 2020c¢). Vero E6 cells were infected
with the 50% tissue culture infective dose (TCIDs) of the virus and in-
cubated with LH capsules at a concentration of 150 ug/mL, 300 ug/mL,
or 600 ug/mL for 72 h. Through the cytopathic effect (CPE), LH cap-

sules exhibited the ability to inhibit the replication of SARS-CoV-2 virus
with an 50% Inhibition Concentration (ICsy) value of 411.2 pg/mL. In
addition, treatment with LH capsules after infection can also inhibit
virus plaque formation in a dose-dependent manner. In the experiment,
remdesivir was used as a positive control, and its IC5, value and total
plaque formation inhibition were 0.651 pM and 5 uM, respectively. To
further confirm the effectiveness of LH capsules in inhibiting SARS-CoV-
2 virus replication, these researchers observed virus particles in ultra-
thin sections of infected cells under an electron microscope. The results
showed that the virus spindle treated with LH capsules (600 pg/mL) was
sharp, which is significantly different from the typical spherical shape
of the viral particles.

4.2.2. 1AV

4.2.2.4. 4.2.2.1 Invitro study. Yuewen Ding et al. used CPE and MTT
assays to assess the ability of LH capsules to inhibit different virus strains
of H7N9, H6N2, HON2, and H3N2 (Ding et al., 2017). The ICs, values
ranged from 0.2 to 2 mg/mL, and the selection index (SI) ranged from
1.59 to 15.85. Among these viruses, LH capsules exerted their best in-
hibitory effect on H3N2. In the plaque reduction experiment using HIN1
and H3N2, LH capsules also exerted a dose-dependent effect on the for-
mation of viral plaques. Subsequently, to determine the specific steps
through which LH capsules inhibit virus replication, the research group
infected MDCK cells with HIN1. LH capsules (2 mg/mL) were added to
the cells at 0, 2, 4, 6, 8 and 10 h after infection. Twelve hours after infec-
tion, the content of progeny virus in the cell supernatant was measured.
Interestingly, the virus titre decreased significantly during 2 h of incuba-
tion with LH capsules, and the effect was not obvious during the rest of
the incubation time. This study shows that LH capsules mainly inhibit
virus replication at the early stage. The research group further stud-
ied the effect of LH capsules on the nuclear export of ribonucleoprotein
(RNP) in human alveolar epithelial (A549) cells infected with HIN1.
The results showed that LH capsules can inhibit virus-induced nuclear
transcription factor kappa-B (NF-kB) activation within 24 h such that
the influenza virus RNP complex is effectively retained in the nucleus
of infected cells.
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As detailed in the LH capsules patent (CN101862391B), the Klein-
Defors suspension killing and infection experiment was used to deter-
mine the effect of the drug on virus killing (Li et al., 2014). Different
concentrations of LH capsules were reacted with avian influenza H5N1
and HIN2 subtype viruses (9:1) for 10 min, and the results showed that
the LH capsules at a concentration of 0.01 g/mL resulted in virus killing
rates of 55.32% and 68.37%, respectively. At a concentration of 0.1-
0.25 g/ml, the virus killing rate reached 99.9%, which indicates a sig-
nificant virus killing effect. At 0.5-1 g/mL, the virus killing rate obtained
with the LH capsules reached 100%, indicating a complete virus killing
effect.

In vivo study: To determine the antiviral effect in vivo, mice were
infected intranasally with 50 uL of HIN1 virus at 2 x 50% minimum
lethal dose (MLDsg). Each group of mice was orally administered 1300
and 650 mg/kg/day LH capsule solutions, and the control animals were
treated with blank solvent only. The drug was administered twice a day
(12 h apart) for 5 days, and each group consisted of three mice. At 2,
4, 6, and 8 days after infection, the lung virus titre in the infected mice
was detected. Among the time points, the results showed that the lung
titres of the mice treated with the two above-mentioned concentrations
were decreased after 6 and 8 days of infection, and the effect obtained
with 1300 mg/kg/day was more obvious.

As detailed in the patent application from Beijing Yiling Pharmaceu-
tical Co., Ltd. (CN 104,825,622 A), an in vivo study of LH capsules was
also completed (Zhang et al., 2015b). The mice were randomly divided
into two groups administered LH capsules at a dose of 1300 mg/kg/day
and 650 mg/kg/day, and the positive control group (ribavirin) was ad-
ministered 75 mg/kg/day; some mice were also assigned to the Ma
Xing Shi Gan decoction, Yingiao Powder medicinal mixed dry pow-
der, rhubarb, and negative groups. As a result, a total of eight groups
were included in the experiment, and each group consisted of 10 female
animals. Under mild ether anaesthesia, the mice in each group were
infected with 50 uL of 50% lethal dose (LD5o) H3N2 influenza virus
H3N2 allantoic fluid. Two hours after the mice were infected with the
virus, each mouse in the drug group was given 0.2 mL intragastrically,
and the normal control group and the virus control group were given
0.2 mL of normal saline once a day for 5 consecutive days. On the 5th
day after infection, three mice in each group were anaesthetized and
killed, their lungs were dissected, the virus titre was measured, and the
TCIDs, value was calculated. The remaining mice in each group were
sacrificed by anaesthesia on the 7th day after infection. The lung le-
sions were dissected, and the body and lung weights were measured.
The experimental results showed that the two doses of LH capsules can
reduce the increase in the lung index caused by virus infection in mice,
and the difference was very significant (p< 0.01). The lung index of the
other drug groups was not significantly different from that of the virus
control group. In addition, the virus titre in the lung tissue of the mice
administered LH capsules at doses of 1300 and 650 mg/kg/day was
also significantly reduced (p< 0.05), whereas the other drugs exerted
no significant inhibitory effect. In addition, the protective effect of LH
capsules on the lethality of virus-infected mice was further studied. The
mice were subjected to the same treatments and observed for 15 con-
secutive days. Among the various groups, the groups administered LH
capsules at doses of 1300 and 650 mg/kg/day significantly prolonged
the survival of the mice (p< 0.05), and the dose of 1300 mg/kg/day also
significantly reduced the risk of death in mice (p< 0.05).

4.2.3. IBV

In addition, SARS-COV-2 and IAV were inhibited by the LH capsules.
The study conducted by Zhang Huixin and colleagues confirmed that LH
capsules also exerted a good inhibitory effect on IBV. MDCK monolayer
cells on a 96-well plate were added to each well with 100 pL of different
concentrations of the drugs and 50 uL of IBV strain (100 TCIDs). After
adsorption for 1 h, the medium was poured out, and 100 uL of main-
tenance solution was added. Each group was incubated in a 5% CO,
incubator at 37 °C for 4 to 5 days, and the experiment was terminated

Phytomedicine Plus 1 (2021) 100027

when the CPE of the virus control well reached 4+. The experiments
showed that the LH capsules exert a strong inhibitory effect on IBV,
with an IC5, of 0.056 mg/mL. Moreover, in the antiviral experiments
performed with Hep-2 cells, LH capsules also exerted a constant effect
on five other viruses, such as parainfluenza virus type 1 (HVJ) and res-
piratory syncytial virus (RSV).

The research conducted by Chunguang Yang et al. on the anti-IBV
activities of LH capsules provides further details (Yang et al., 2020a).
First, five different IBVs (multiplicity of infection (MOI) = 0.01) were
seeded into a monolayer of confluent MDCK cells in a 96-well plate.
After 2 h, the inoculum was replaced with a test medium containing
a series of LH capsules or DMSO (less than 1%). The plates were incu-
bated at 34 °C with 5% CO, for 72 h. The inhibition rate was determined
by the MTT method. As a result, the ICy5, ranged from 0.228+0.150 to
0.754+0.161 mg/mL, and the SI ranged from 5.3 to 17.6. Subsequently,
in the time course assay, LH capsules also inhibited early virus replica-
tion. Treatment with LH capsules at a dose of 0.6 mg/mL 0-4 h after
infection can reduce IBV production, but the effects of the LH capsules
was not sufficient after more than 6 h of treatment. To further identify
the effect of LH capsules on IBV replication, the synthesis of viral nu-
cleoprotein in infected cells was examined by immunofluorescence. The
virus-infected cells were treated with 0.6 mg/mL LH capsules for 8 h.
Compared with the DMSO treatment, LH capsules significantly reduced
the synthesis of nucleoproteins. Through immunofluorescence experi-
ments, the research groups also found that LH capsules can reduce the
binding of the virus to MDCK cells.

4.3. Anti-inflammatory effect

4.3.1. SARS-COV-2

To determine the effect of LH capsules on the expression of cytokines
and chemokines induced by SARS-CoV-2, Li Runfeng et al. measured the
relative mRNA expression levels in Huh-7 monolayer cells. Huh-7 cells
in a 12-well plate were washed with PBS and then exposed to SARS-
CoV-2 at an MOI of 1 for 2 h at 37 °C. The inoculum was removed
and replaced with the indicated concentrations of LH capsules, and the
controls were subjected to mock treatment with DMEM supplemented
with 2% foetal bovine serum (FBS). The cells were then harvested for
RNA isolation and quantitative PCR (qPCR). The results showed that
LH capsules inhibited the increase in the expression of tumour necro-
sis factor-a (TNF-«), interleukin-6 (IL-6), C-C motif ligand 2/monocyte
chemoattractant protein-1 (CCL-2/MCP-1), and C-X-C motif chemokine
ligand 10/interferon gamma-induced protein 10 (CXCL-10/IP-10) in a
concentration-dependent manner.

4.3.2. HIN1

The study conducted by Yuewen Ding et al. confirmed that LH cap-
sules can also regulate cytokine production during HIN1 virus infec-
tion (Ding et al., 2017). A549 cells infected with HIN1 (MOI = 0.1) for
24 h were treated with LH capsules (1.5-3 mg/mL), and the mRNA lev-
els of the cytokines/chemokines IL-6, interleukin-8 (IL-8), IP-10, TNF-
a, MCP-1 were detected by qRT-PCR. Experimental data show that LH
capsules treatment can significantly reduce the expression of the above-
mentioned substances. Moreover, the analysis of lung inflammation in
mice revealed that LH capsules can also strongly reduce the expression
of proinflammatory cytokines (TNF-¢ and IL-6) and chemokines. The
levels of IL-1p and IP-10 were also inhibited by LH capsules in a dose-
dependent manner. Further histopathological research revealed that LH
capsules treatment can improve vascular inflammation and cell exudate
secretion caused by viral infection.

4.3.3. IBV

LH capsules also exerted better anti-inflammatory effects in
IBV(Yang et al., 2020a). In the study conducted by Chunguang Yang,
A549 cells were cultured in a 96-well plate at 37 °C with 5% CO, and
then infected with IBV (0.1 MOI) for 2 h. The inoculum was removed,
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Table 3
Clinical studies.
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No. Registration number Registration date Researcher unit

Registration topic

Clinical trials conducted outside of China
1 NCT04433013 June 16, 2020

2 NCT02867358 August 15, 2016

Clinical research conducted in China

1 ChiCTR2000035046 July 29, 2020 920th Hospital of the PLA Joint
Logistics Support Force

2 ChiCTR2000029434 February 01, 2020 Hebei Yiling Hospital, Renmin
Hospital of Wuhan University

3 ChiCTR2000029433 February 01, 2020 Hebei Yiling Hospital, Renmin
Hospital of Wuhan University

4 ChiCTR1900028390 December 20, 2019 First Teaching Hospital of Tianjin
University of TCM

5 ChiCTR1900024082 June 24, 2019 Hebei Yiling Hospital

6 ChiCTR1900021460 February 22, 2019 Hebei Yiling Hospital

7 ChiCTR1900020551 January 08, 2019 Guangdong Provincial Hospital of
TCM (Second Affiliated Hospital of
Guangzhou University of Chinese
Medicine)

8 ChiCTR-IPR-16,007,773 January 15, 2016 Beijing Ditan Hospital Capital
Medical University

9 ChiCTR-IOR-15,006,144 March 13, 2015 Guangdong Provincial Hospital of
TCM

10 ChiCTR-TRC-13,003,240  April 09, 2013 Huashan Hospital, Fudan
University

11 ChiCTR-TRC-09,000,590 October 31, 2009 Beijing Youan Hospital, Capital
Medical University

12 ChiCTR-TRC-09,000,589  October 31, 2009

Nanyang Technological University,
Ministry of Health, Singapore

Yiling Pharmaceutical Inc.

Beijing Youan Hospital, Capital
Medical University

A Randomized Controlled Trial Assessing the Efficacy of
Lianhua Qingwen as an Adjuvant Treatment for Patients
with Mild Symptoms of COVID-19

A Multi-centre, Randomized, Double-blind, and
Placebo-controlled Phase II Clinical Study to Investigate
the Safety and Efficacy of Two Doses of KTO7 Compared
to Placebo in Subjects with Acute Uncomplicated
Influenza

Efficacy and Outcomes of Lian-Hua Qing-Wen Capsules in
the Treatment of Novel Coronavirus Pneumonia
(COVID-19): A Medical Record-Based Retrospective Study
A Randomized, Open-Label, Blank-Controlled Trial of
Lian-Hua Qing-Wen Capsules/Granules in the Treatment
Of Novel Coronavirus Pneumonia (COVID-19)

A Randomized, Open-label, Blank-controlled Trial of
Lian-Hua Qing-Wen Capsules/Granules in the Treatment
of Suspected Novel Coronavirus Pneumonia (COVID-19)
A Multi-centre, Randomized, Double-blind,
Parallel-controlled Trial of the Efficacy and Safety of
Lian-Hua Qing-Wen Granules in the Treatment of
Influenza in Children

Study of the Pharmacokinetics of Lian-Hua Qing-Wen
Capsules in Healthy Human Beings

Pharmacokinetics of Lianhua Qingwen Capsules in the
Healthy Human Body

Lianhuaqingwen Capsule in the Treatment of Senile Mild
Influenza: A Prospective, Randomized, Double-blind,
Positive Drug Controlled Trial

Randomized, Double-blind, Placebo - controlled,
Multi-centre Clinical Study of Lianhuaqinwen Grain for
the Treatment of Viral Pneumonia without Influenza

The Influence of Lianhuaqgingwen Capsule after Bone
Marrow Transplantation in Patients with Respiratory Viral
Infections Evaluation

The Auxiliary Effect of Lianhuagingwen (LHQW) in Acute
Exacerbation of Chronic Obstructive Pulmonary Disease
(AECOPD): A Randomized, Controlled Clinical Trial
Lianhua Qingwen Capsule for the Treatment of HIN1 Flu:
A Double Blinding and Multi-centre, Randomized
Placebo-Controlled Trial

Lianhua Qingwen Capsule for the Treatment of HIN1 Flu:
A Double Blinding, Double Dummy and Multi-centre
Randomized Control Trial

and the cells were treated with 0.15, 0.3, and 0.6 mg/mL LH capsules.
After 24 h of infection, total RNA was extracted, and cDNA was synthe-
sized. A real-time PCR system was then used for the detection of inflam-
matory factor gene expression. The experimental results showed that
the normal T cell expressed and secreted (RANTES), IL-6, IL-8, IP-10,
TNF-a and MCP-1, macrophage inflammatory protein-14 (MIP-14) and
interferon-A1 (IFN-11) mRNA levels were decreased in the cells treated
with >0.15 mg/mL LH capsules. The mRNA levels of most inflammatory
factors showed a dose-dependent decrease after treatment with LH cap-
sules. Further pathological studies revealed that LH capsules at doses of
100-400 mg/kg/day can reduce pathological changes in the lungs. LH
capsules alone do not exert a strong effect on IBV. The research group
further studied the combination of LH capsules and other drugs. The re-
sults confirmed that the combination of LH capsules (200 mg/kg/day)
and oseltamivir (2 mg/kg/day) significantly reduced the level of inflam-
mation compared with the decreases obtained with either drug alone.
In addition, the virus titres in lung tissue of mice was also decreased by
this combination treatment.

5. LH capsules currently under clinical studies

LH capsules were developed during the SARS epidemic in 2003 and
have been used for nearly 20 years. Currently, LH capsules have been

10

or are being used in 14 registered clinical trials globally (Table 3), in-
cluding clinical trials against influenza, COVID-19, non-influenza viral
pneumonia, and acute exacerbation of chronic obstructive pulmonary
disease (AECOPD). Here, we summarize the Phase III clinical studies of
COVID-19 and the phase II clinical studies of uncomplicated influenza
that have been or are being conducted abroad. In addition, Among the
12 domestic clinical trials, we detailed the two clinical trials related to
COVID-19 and the results from two experiments, resulting in a total of
four trials.

5.1. Clinical trials conducted in China

5.1.1. COVID-19 (Singapore)

To evaluate the efficacy of LH capsules on patients with mild COVID-
19, Nanyang Technological University and the Ministry of Health of
Singapore jointly launched a Phase III clinical trial of Lianhua Qing-
wen (NCT04433013). This a randomized, parallel interventional study
recruited a total of 300 men and women aged older than 21 years, who
were divided into the treatment and control groups and treated for 8
days. The treatment group will take four LH capsules three times a day
after meals, whereas the control group will take placebo capsules using
the same schedule. The main outcome measure of the experiment will
be the proportion of COVID-19 patients who became negative. The sec-
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ondary measures will be the number of days required for the drug to
relieve clinical symptoms, the proportion of patients with mild disease
that progresses to moderate or severe and the proportion of positive
patients with a Ct value>30. The study is expected to be completed in
February 2021.

5.1.2. Acute uncomplicated influenza (United States)

As early as 2016, the FDA launched a multicentre, randomized,
double-blind, and placebo-controlled phase II clinical trial of LH cap-
sules (NCT02867358). The purpose of this study was to investigate the
clinical efficacy of the drug in alleviating fever and other symptoms (in-
cluding nasal congestion, sore throat, cough, aches and pains, fatigue,
headache, chills or sweating) in patients with acute uncomplicated in-
fluenza. The trial recruited a total of 420 male and female patients be-
tween the ages of 18 and 65, and these patients were equally divided into
the high-dose LH capsule-treated group, the low-dose LH capsule-treated
group, and the control group. The patients in the high-dose group took
six LH capsules twice a day, and the patients in the low-dose group took
four LH capsules and two placebos twice a day. The control patients
took the same dose of placebo. All the groups were treated for 19 days.
Finally, the improvement in reducing the duration of all disease symp-
toms compared with the placebo was the primary outcome measure, and
the reduction of the duration of individual symptoms and the quality of
life of the subjects were secondary measures. The shedding of influenza
virus was observed on days 1, 3 and 6. At present, no results have been
disclosed.

5.2. Clinical research conducted in China

5.2.1. COVID-19

Two clinical trials of LH capsules for the treatment of COVID-19 are
being conducted in China. One of these trials aims to explore the clin-
ical efficacy of LH capsules in the treatment of COVID-19 and the re-
sulting prognosis (ChiCTR2000035046). Unfortunately, the trial has not
yet been approved by the ethics committee. Another study aims to deter-
mine the safety and effectiveness of LH capsules in patients with COVID-
19. This prospective multicentre open-label randomized controlled trial
is being performed with patients with confirmed COVID-19 (Hu et al.,
2020). A total of 284 patients aged older than 18 years were randomly
assigned to receive the conventional treatment alone or in combina-
tion with LH capsules (four capsules, three times a day) for 14 days.
The conventional treatment usually included adjuvant therapy, such as
oxygen therapy, antiviral drugs and symptomatic treatment. The main
endpoint was the recovery rate of the patient’s symptoms (fever, fa-
tigue, and cough). The recovery rate of the treatment group was signif-
icantly higher than that of the conventional group (91.5% vs. 82.4%,
p = 0.022), and the median symptom recovery time of the treatment
group was clearly shorter (7 days vs. 10 days, p< 0.001). The times to
the recovery of fever (2 vs. 3 days), fatigue (3 vs. 6 days) and cough (7 vs.
10 days) in the treatment group were also distinctly reduced compared
with those found with the control group (all p< 0.001). The improve-
ment of chest computed tomographic manifestations (83.8% vs. 64.1%,
p< 0.001) and clinical cure rate (78.9% vs. 66.2%, p = 0.017) obtained
with the treatment group were also higher than those obtained with
the control group. However, no difference in the rate of severe cases or
the viral RNA conversion rate was found between the two groups (both
p>0.05). In addition, no serious adverse reactions were observed during
the experiment.

5.2.2. AECOPD

Liang Dong et al. conducted a clinical trial (ChiCTR-TRC-
13,003,240) to explore the clinical efficacy of LH capsules on patients
with AECOPD and the effects on the IL-8 and TNF-« levels (Dong et al.,
2014). One hundred subjects were randomly assigned to the LH cap-
sule group and the routine group at a ratio of 1:1, and these two groups
were administered LH capsules (1.4 g per dose, three times per day,
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treatment duration of 7 days) combined with conventional Western
medicine and conventional Western medicine treatment alone. Each
group was separated into low-risk and high-risk subgroups. The con-
ventional treatments included the following: inhaled medications, sal-
meterol/fluticasone (250/50 pg); bronchodilators, theophylline; expec-
torant antispasmodic agent, ambroxol; antibacterial agents, f-lactams;
if allergic to p-lactams, fluoroquinolones were administered; and con-
trolled therapy oxygen. The chronic obstructive pulmonary disease
(COPD) assessment test (CAT) scores of the LH capsule group and the
high-risk subgroup improved significantly starting on day 5, but the
other groups only showed improvement after the treatment was com-
pleted. After treatment, the expression levels of IL-8, TNF-qa, IL-17 and
IL-23 in the sputum and the expression levels of IL-8 and IL-17 in the
blood were significantly reduced. Similar results were also found in the
subgroups. These data indicated that LH capsules can accelerate the im-
provement of patients with AECOPD, particularly the high-risk patients,
and the underlying mechanism of action might be related to reductions
in inflammatory mediator release.

5.2.3. HIN1

H1N1 virus infection with severe complications is associated with
a high risk. To evaluate the efficacy and safety of LH capsules for the
treatment of patients with HIN1, China has performed related clini-
cal studies (ChiCTR-TRC-09000589 (Duan et al., 2011)). A total of 244
patients diagnosed with HIN1 virus infection by real-time reverse tran-
scription PCR (RT-PCR) and aged between 16 and 65 years were ran-
domly divided into two groups, each with 122 cases. The two groups
received LH capsule or oseltamivir treatment for 5 days and were ob-
served for 7 days. The primary endpoint was the end of the disease
course. Two hundred forty (98.36%) of the 244 patients completed
the study, and their median age was 21 years. The median duration
(69 h vs. 85 h, p> 0.05) and the virus clearance time (103 h vs. 96 h,
p> 0.05) did not show significant differences between the LH capsule-
and oseltamivir-treated groups. However, it is worth noting that the LH
capsules significantly reduced the severity of the disease and the dura-
tion of symptoms, including fever, cough, sore throat, and fatigue (p<
0.05). Compared with oseltamivir, LH capsules achieved similar thera-
peutic effects, including a reduced disease duration and a shorter virus
clearance time, and no serious adverse reactions were detected. There-
fore, LH capsules might be an alternative treatment for HIN1 virus
infection.

6. Molecular mechanism
6.1. Antiviral effect

SARS-COV-2 is a (+) single-stranded RNA virus (Chen et al., 2020a).
The virus particles are round or elliptical with a diameter of approx-
imately 80-120 nm (Chen et al., 2020b) and contain three main pro-
teins, namely, the envelope (E), membrane (M) and spike (S) proteins
(He et al., 2005; Jiang et al., 2005; Leung et al., 2004; Schoeman and
Fielding, 2019; Shang et al., 2020). The S protein binds to the recog-
nized receptor angiotensin-converting enzyme 2 (ACE2) of SARS-CoV-2
in host cells to allow the virus to be absorbed and internalized into the
cytoplasm (Ali and Vijayan, 2020; Wu et al., 2020a; Yi et al., 2020;
Zost et al., 2020). Cell lines stably expressing ACE2 are highly trans-
duced by the SARS-CoV-2 virus, and treatment with anti-ACE2 antibod-
ies can reduce virus entry. These findings make the ACE2-S protein in-
teraction an ideal target for antiviral therapy (McCallum et al., 2020).
The Chinese scientific research team uses Cytoscape software to con-
struct a model of the interactions between the “drug-component-target-
disease” network and potential targets and predicts the mechanism of
action through enrichment analysis. This model combines the main ac-
tive components of LH capsules with ACE2 and was tested by molecu-
lar docking, and the results showed that compounds 3 and 48 exhibit a
good binding ability to ACE2. Surprisingly, the binding capacity of these
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Fig 4. Antiviral mechanism of LH capsule.
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natural compounds is better than those of lopinavir, ritonavir, ribavirin
and other small-molecule drugs (Ling et al., 2020), which suggests that
LH capsules might exert their antiviral effects by acting on the ACE2
receptor (Fig 4).

After SARS-COV-2 enters the cell, the replicase gene is trans-
lated from the virion genomic RNA. The replicase gene encodes two
large open reading frames (ORFs), which can directly translate two
polyproteins, ppla and pplab (Florindo et al., 2020; Perlman and
Netland, 2009). These two polyproteins are the precursors of non-
structural proteins (nsps), which release 16 nsps (nspl-nsp16) with dif-
ferent activities after autohydrolysis and shearing. Among these nsps,
nsp3 encodes papain-like proteases (PLP™) (Baez-Santos et al., 2015),
whereas nsp5 encodes 3CLP™ (Marra et al., 2003; Vuong et al., 2020;
Ziebuhr et al., 2000). PLP™ cleaves the nspl/2, nsp2/3, and nsp3/4
boundaries, whereas 3CLP™ is responsible for the remaining 11 cleavage
events (nsp4-nspl6) (Wang et al., 2020b). nsp4-nsp16 are responsible
for the important life processes of protein translation, cleavage, modi-
fication and nucleic acid synthesis. For example, nsp12 can encode the
RNA-dependent RNA polymerase (RdRp), which is responsible for the
genome replication process of RNA viruses (Li et al., 2020a; Liang et al.,
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2020; Wang et al., 2020b). Therefore, the inhibition of 3CLP™ can pre-
vent the processes of RNA replication and transcription, which can ef-
fectively block the proliferation of the virus (Liu et al., 2009, 2020d).

The molecular docking studies performed by Ling Xiaoying and
Cheng-hao Ye showed that compounds 3, 6, 8, 10, and 20 in the LH cap-
sules exhibit a good binding ability to 3CLP* (PDB: 6LU7) (Ling et al.,
2020; Ye. et al., 2020b), and the binding energies are —7.6, —8.2, —8.4,
—8.9, and —7.8 kcalemol~!, respectively. According to published reports,
the binding energy of lopinavir against SARS-CoV-2 can only reach —7.3
kealsmol~!. Among these compounds, 3 directly interacts with residues
LEU141 and SER144, as shown in Fig 5A. Compound 6 and residues
LEU141, SER144, CYS145, HIS 163, GLU166, and THR190 formed an
excellent hydrogen bonding force (Fig 5B). The interaction between 8
and 3CLP™ is achieved through TYR54, ASN142, CLY143, GLU166 and
other residues, as shown in Fig 5C. Compound 10 was found to be su-
perior because it binds most closely to GLY143, SER144 and GLU166,
with a binding affinity of —8.9 kcalemol~!(Fig 5D). It is worth noting
that although the molecular docking results show that 20 only binds
to residues LEU141 and TYP54, it still exhibits a high binding energy
(Fig 5E).
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Fig 5. Binding patterns of ligands, including 3 (A), 6 (B), 8 (C), 10 (D), and 20 (E), with 3CLP™ determined by molecular docking.

In addition, the Atanu Singha Roy team docked 17 natural com-
pounds with the 3CLP™ (PDB: 6Y84) (Das et al., 2020). The detailed
results are shown in Fig 6A-6C. Compound 7 is stabilized by hydrogen
bonding with THR25, GLY143 and GLU166 and amide-r stacking with
THRA45 along with other interactions, as depicted in Fig 6A. Hesperidin
(34) interacts through hydrogen bonding with THR24, THR25, THR45,
HIS4, SER46, and CYS145, amide-r stacked interactions with THR45,
and r-alkyl interactions with MET49 and CYS145 (Fig 6B). Compound
58 forms a hydrogen bond with THR190, an alkyl hydrophobic bond
with MET49, CYS145 and MET165, and z-alkyl interactions with HIS41
(Fig 6C). Therefore, according to above results, LH capsules may indeed
have the ability to inhibit SARS-COV-2 replication.

6.2. Inhibition of cytokine storm syndrome (CSS) through the JAK-STAT,
PI3K and MAPK pathways

Compared with other coronaviruses, SARS-CoV-2 has a relatively
higher mortality rate, which is related to the existence of a cytokine
storm, and this finding might indicate that excessive inflammation plays
a role in the pathogenesis of COVID-19. A cytokine storm is an exces-
sive defence response of the host that involves the secretion of vascu-
lar endothelial growth factor (VEGF), MCP-1 and IL-8 (Tanaka et al.,
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2016), can easily cause multifunctional organ damage (MOF) and ARDS
(Hu et al., 2020) and is also an important factor for the rapid devel-
opment of COVID-19. Therefore, inhibiting the occurrence of cytokine
storms is one of the important measures for rescuing critically ill pa-
tients.

IL-6 is one of the key cytokines involved in cytokine storms induced
by infection (Hu et al., 2020). In the “Diagnosis and Treatment Plan
for New Coronavirus Pneumonia”, tocilizumab was suggested as an im-
munotherapy drug for critically ill patients, and this drug has been ap-
proved by the US FDA for the treatment of CSSs (Magro, 2020). IL-6
signals through the cell surface type I cytokine receptor complex and
triggers downstream signal transduction and gene expression. The com-
plex is composed of IL-6 receptor (IL-6R) and signal transduction glyco-
protein 130 (gp-130). IL-6R exists not only in a membrane-bound form
(mlIL-6R) but also in a soluble form (sIL-6R). According to different re-
ceptors, IL-6 signal conduction can be divided into classic cis signalling
and trans signalling (Kang et al., 2019). In classical signal transduction,
IL-6 forms a complex with mIL-6R and gp-130 to induce downstream
reactions. Because the expression of mIL-6R is limited to immune cells
(Moore and June 2020), it mainly plays a leading anti-inflammatory
effect at low concentrations of IL-6. When IL-6 levels increase, IL-6
is attracted to cells that do not express mIL-6R because gp-130 is al-
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Fig 6. Schematic diagram of the interactions between SARS-CoV-2 3CLP™ and compounds 7 (A), 34 (B), and 58 (C).

most universally expressed in most tissues. Therefore, sIL-6R can ac-
tivate the proinflammatory response in the body (Braun et al., 2016;
Zhang et al., 2020c). The pathways downstream of IL-6 are mainly Janus
kinase/signal transducers and activators of transcription (JAK/STAT)
and the interconnected phosphoinositide 3-kinases (PI3K) and mitogen-
activated protein kinase (MAPK) pathways.

Many pharmacological studies have shown that LH capsules effi-
ciently inhibit the expression of IL-6 (Ding et al., 2017; Hu et al.,
2020). Compound 12 is a representative component of the main herb
forsythia in LH capsules (Yang et al., 2017) and exerts powerful anti-
inflammatory, antibacterial and antiviral effects. In addition, as the only
control ingredient in the pharmacopoeia, the presence of 12 in LH cap-
sules can be guaranteed. Here, we elucidate the molecular mechanisms
of 12 that inhibit IL-6-induced CSS through the JAK-STAT, PI3K and
MAPK pathways (Fig 7).

The JAK/STAT cascade provides a direct mechanism for convert-
ing extracellular signals into transcriptional responses and is one of
the few multi-effect cascade signals (Rawlings et al., 2004). This path-
way is important for a series of cytokines and growth factors (includ-
ing IL-6) in mammals. When the IL-6 complex is exposed, Janus ki-
nase 1/2 (JAK1/2) comes in close proximity, which allows dephospho-
rylation. JAK1/2 then phosphorylate each other on tyrosine residues
located in regions called activation loops through a process called
transphosphorylation, which increases the activity of their kinase do-
mains (Jatiani et al., 2010). Activated JAK1/2 then phosphorylates tyro-
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sine residues on the receptor to form a binding site for proteins with Src
homology 2 (SH2) domains (Aaronson and Horvath, 2002; Jatiani et al.,
2010). In addition, signal transducer and activator of transcription 3
(STAT3) uses its SH2 domain to bind to the phosphorylated tyrosine
on the receptor and is then phosphorylated by JAK1/2 tyrosine, which
results in the dissociation of STAT3 from the receptor (Sansone and
Bromberg, 2012; Schindler et al., 2007). Activated STAT3 form dimers,
and these dimers are transported to the nucleus to induce the expres-
sion of genes encoding IL-6 and other cytokines(Rawlings et al., 2004).
Therefore, a large number of cytokines can be produced through the
JAK-STAT pathway. These cytokines can also further activate STAT3,
which results in the triggering of an inflammatory cytokine storm
(Yu et al., 2009).

Although JAK/STAT signalling is the main pathway mediated by IL-
6R, this pathway can also be integrated with other pathways. The most
typical interaction is related to the receptor tyrosine kinase mitogen-
activated protein kinase (MAPK) pathway (Rawlings et al., 2004). Ac-
tivated JAK1/2 can phosphorylate tyrosine kinase on the receptor. The
activated receptor can be used as a docking site for SH2 adaptor pro-
teins from other signalling pathways, including src homology region 2
domain-containing phosphatase-2 (SHP-2) and SHC-transforming pro-
tein 1 (Shc). The adaptor protein stimulates Ras GTPase (Ras) by recruit-
ing growth factor receptor-bound protein 2 (Grb2) adaptors. Ras further
activates the protein kinase activity of Raf kinase, and Raf kinase then
phosphorylates and activates mitogen-activated protein kinase (MEK)
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Fig 7. Mechanism through which LH capsules inhibit CSS.

and extracellular signal-regulated kinase (ERK) to complete the MAPK
cascade reaction. Activated ERK forms a dimer and enters the nucleus,
which can increase the transcription of STAT genes and thereby induce
the secretion of inflammatory cytokines. JAK-STAT signal transduction
can also be integrated with the PI3K pathway (Foster et al., 2003). When
the receptor is activated by JAK, the PI3K protein with the SH2 domain
binds to the phosphorylated receptor (Fry, 1994; Rawlings et al., 2004).
Activated PI3K activates protein kinase B (PKB, Akt), which results in its
localization on the plasma membrane. Akt stimulates the downstream
effect of mTOR through multiple levels (Liu et al., 2009). The transloca-
tion of mammalian target of rapamycin (mTOR) into the nucleus can
also stimulate STAT3 to produce cytokines. In a lipopolysaccharide-
induced inflammation model, Xiaolong Pan et al. found that 12 can in-
hibit the activation of STAT3 and the secretion of inflammatory factors,
including IL-6, by weakening the phosphorylation of JAK1/2 (Pan et al.,
2014). This finding indicates that LH capsules can potentially inhibit
CSSs through three pathways, namely, the JAK-STAT pathway and its
related PI3K and MAPK pathways.

7. Conclusion

TCM has a long history and involves holistic concepts, including the
balance of yin and yang and syndrome differentiation and treatment,
and is thus quite different from Western medicine (Ren et al., 2020;
Zhang et al., 2017; Zhao et al., 2020). Due to the unique knowledge
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and experience regarding TCM in the prevention and control of dis-
eases, TCM has played an indispensable role in the prevention and treat-
ment of several epidemics (Ji et al., 2020). During the SARS epidemic in
2003, TCM intervention achieved remarkable results (Chen and Naka-
mura, 2004). COVID-19 was rapidly controlled in China, and the use of
TCM has also played a vital role (Panyod et al., 2020; Ren et al., 2020;
Ye et al., 2020; Zhang et al., 2020b; Zhuang et al., 2020). According to
statistics, the proportion of TCM in the treatment of confirmed cases in
China has reached 92%, and the usage and total effective rate of TCM in
confirmed cases in Hubei Province have exceeded 90%. Moreover, dur-
ing the treatment of COVID-19, China has also provided experience re-
garding the use of traditional medicine to Italy, Germany, Japan, South
Korea, Pakistan and other countries. In addition to China, the Japanese
Traditional Chinese Medicine Association advised that COVID-19 pa-
tients take Kampo medicines, including Maxing Shigan Tang, depending
on their symptoms, and India’s AYUSH Ministry also recommends the
use of turmeric, knotweed, liquorice and other botanicals to prevent and
treat COVID-19 by reducing the risk of infection and inducing anti-viral
effects (Kumar et al., 2020). The experience regarding the treatment of
COVID-19 has also proven that the use of TCM exerts significant effects
on the time of nucleic acid conversion and CT image improvement rate.
It is an important way for improving the cure rate, shorten the course
of the disease, delay the progression of the disease, and reduce the mor-
tality rate (Ni et al., 2020). It is worth recognizing that LH capsules are
the most widely used TCM for the treatment of COVID-19. In the Diag-
nosis and Treatment Guidelines of 2019 New Coronavirus Pneumonia
promulgated by the General Office of the NHC and the State Adminis-
tration of TCM, LH capsules were recommended for individuals in the
medical observation period.

Based on the results from pharmacological trials and clinical data, LH
capsules were approved for the treatment of patients with mild and com-
mon COVID-19 in on April 12, 2020. Currently, LH capsules have been
approved for marketing in the Philippines, Brazil, Indonesia, Canada,
Mozambique, Romania, Thailand, Ecuador, Singapore, and Laos. Regis-
tration began in more than 30 countries around the world. In this ar-
ticle, we reviewed the composition and manufacturing procedure, QC,
active ingredients, pharmacology and clinical trials of LH capsules. At
present, the material basis and quality standards of LH capsules are lack-
ing, but these capsules contain more than 300 compounds from 13 types
of medicinal materials. However, only 74 have been isolated and iden-
tified so far; thus, the material basis of these capsules still needs further
study. In terms of quality standards, LH capsules are similar to other
TCMs. Under the content determination item in the 2015 Chinese Phar-
macopoeia, only the main active substance PHN is studied. The quality
of the medicine cannot be well controlled. Second, research on finger-
prints has not been performed with respect to quality standards. The
fingerprint spectrum can reflect the type and quantity of the chemical
components contained in the capsules, the overall description and the
evaluation of the drug quality. Therefore, follow-up studies are needed
to further strengthen and improve the research.

The pharmacological results show that LH capsules have no obvious
side effects and exert good anti-inflammatory and antiviral effects on
SARS-COV-2, TAV and IBV (Wei et al., 2020). Research on SARS-COV-2
has shown that LH capsules can inhibit virus replication and change the
virus shape. Moreover, these capsules can exert an anti-inflammatory ef-
fect by inhibiting the expression of TNF-qa, IL-6, CCL-2/MCP-1 and other
inflammatory factors in a dose-dependent manner. To date, four clinical
trials related to COVID-19 are registered, but the results from only one
trial have been disclosed. The results show that the use of LH capsules
in combination with conventional treatment methods, such as antiviral
drugs and oxygen therapy, can effectively improve the clinical cure rate
and exert obvious therapeutic effects on symptoms such as fever, fatigue,
and cough (Liu et al., 2020b, 2020c; Ping et al., 2016; Xiao et al., 2020;
Zhang et al., 2020d). This finding might be related to the antiviral activ-
ity of LH capsules and their anti-inflammatory effects (Li et al., 2020d).
In addition, the experimental results show that LH capsules have a good
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safety profile. It is worth noting that no significant differences in the
conversion rate of severe cases and the negative rate of virus detec-
tion were found between the two groups of patients. However, whether
longer administration times translate into greater efficacy is worth fur-
ther research. Due to the urgency regarding the prevention and control
of the SARS-CoV-2 epidemic, this study cannot be double-blind. Under
limited conditions, an objective, randomized parallel controlled trial de-
sign was adopted. In the future, a double-blind, prospective randomized
controlled trial is still needed, and this trial should be promoted as a
global multicentre clinical trial that includes as many overseas regions
as much as possible to fully evaluate the efficacy of LH capsules in a
larger patient population.

In addition, LH capsules might exert an anti-SASR-CoV-2 effect by
inducing anti-viral effects and inhibiting inflammatory cytokine storms.
Specifically, quercetin and naringenin in LH capsules can be docked
with ACE2 to prevent its binding to the S protein. As demonstrated by
molecular docking, forsythoside E, rutin and six other active substances
can be well docked with SARS-COV-2 3CLP™ to inhibit virus replication
(Zhang et al., 2020a). A study revealed that the force for the binding
between rutin and 3CLP™ is markedly higher than that for the binding
between chloroquine and hydroxychloroquine(Mt et al., 2020). As part
of the anti-inflammatory mechanisms, compound 12 in LH capsules can
inhibit the inflammatory cytokine storm by inhibiting the phosphory-
lation of JAK1/2, which is downstream of IL-6 (Billing et al., 2019).
IL-6 can be used as a biomarker of the severity and prognosis related
to cytokine storms (Del Valle et al., 2020; Guo et al., 2020; Liu et al.,
2020a), and its expression is higher than those of TNF-« and IL-1. High
concentrations of IL-6 can induce various pathological functions related
to thrombosis, vascular leakage and myocardial dysfunction, and these
effects lead to tissue hypoxia, hypotension, multiple organ dysfunction,
and diffuse intravascular coagulation. JAK-STAT is an important path-
way for the release of a series of inflammatory factors, including IL-6. In
addition, JAK can affect the MAPK and PI3K pathways, which are also
downstream of IL-6 (Tong et al., 2020). However, due to its large num-
ber of compounds, a TCM exerts its effects through multiple targets and
multiple pathways, and LH capsules are not an exception. Therefore, the
relevant mechanisms need to be further improved and experimentally
verified. For example, studies have shown that quercetin can inhibit the
invasion of viruses by inhibiting Ca%* channels.

Last but not least, although previous studies have proven that LH
capsules exert a certain effect on COVID-19, these capsules should be
taken under the guidance of a pharmacist. According to the theory of
Chinese medicine and the drug property of LH capsules, individuals with
colds or with a weak spleen or stomach should pay attention to the use
of these drugs.
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